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Introductipn 


The  high  noise  levels  encountered  inside  many  military 
vehicles  require  the  use  of  hearing  protective  devices  by  crew 
members.  While  these  devices  offer  protection  against  hearing 
loss,  some  types,  such  as  earplugs,  degrade  the  intelligibility 
of  speech  delivered  via  conventional  voice  communication 
channels.  In  performing  the  task  of  noise  attenuation,  the 
earplugs  also  attenuate  the  speech  signals.  The  speech-to-noise 
ratio  thus  remains  the  same  as  in  the  case  in  which  no  plugs  are 
worn.  In  quiet  conditions,  the  attenuation  of  the  signal 
produces  a  net  loss  in  intelligibility. 

The  present  study  was  designed  to  test  a  concept  by  which 
the  proper  use  of  an  earplug  would  not  only  protect  the  crew 
members  from  noise- induced  hearing  loss,  but  would  improve  voice 
communications  in  the  noisy  environment  of  the  vehicle. 

The  occlusion  effect  is  a  phenomenon  by  which  the  loudness 
of  a  bone-conducted  sound  is  enhanced  if  the  ear  canal  is 
occluded  (Von  Bekesy,  i960;  Tonndorf,  1972).  The  effect  is 
greatest  at  low  frequencies,  reaching  10  to  18  dB  for 
frequencies  below  about  2000  Hz,  providing  the  occluding 
material  is  inserted  tightly  and  deeply  into  the  canal. 

Although  the  occlusion  effect  has  been  studied  extensively, 
no  data  have  been  reported  for  cases  in  which  the  signal 
consisted  of  speech  or  for  conditions  in  which  a  masking  noise 
was  present.  Since  about  half  of  the  information  in  a  speech 
signal  lies  within  the  frequency  region  of  the  effect,  it  would 
appear  that  occlusion  might  be  employed  in  the  design  of  a  voice 
communication  system  for  use  in  high-noise  environments.  A 
speech  signal  delivered  in  such  an  environment  by  bone 
conduction  while  the  ear  canals  are  occluded  by  earplugs  should 
be  more  intelligible  than  one  delivered  either  by  air  conduction 
or  by  bone  conduction  with  unoccluded  or  poorly  occluded  ear 
canals.  The  plugs  would  function  both  to  attenuate  the  noise 
and  to  produce  enhanced  loudness  of  the  bone-conducted  signal. 


Methgds 

Six  conditions  were  run  in  the  experiment.  In  half  of 
these  conditions,  the  signal  was  delivered  via  the  conventional, 
airborne  system  and  in  the  other  half,  via  the  bone-conduction 
vibrator.  For  each  type  of  signal  delivery,  intelligibility  was 
measured  either  in  the  quiet  or  in  the  presence  of  a  simulated 


armored-vehicle  noise.  In  the  quiet  conditions,  the  ear  canals 
were  open  and  in  the  noise  conditions  were  either  open  or  were 
occluded  by  triple-flange  earplugs  fitted  by  the  experimenter. 

Twelve  subjects,  10  males  and  2  females,  selected  from  the 
subject  pool  of  a  local  community  college,  were  used  in  the 
experiment.  Each  subject  was  screened  for  acceptable  hearing  on 
the  basis  of  a  pure-tone  audiogram  obtained  for  each  ear. 
Acceptable  hearing  was  defined  as  thresholds  between  -10  dB  and 
20  dB  at  standard  audiometric  frequencies  (ANSI  S12.6,  1984). 

No  other  selection  criteria  were  employed. 

A  brief  training  session  preceded  the  data  collection. 
During  this  session,  each  subject  was  provided  with  an 
alphabetized  list  of  the  200  phonetically  balanced  (PB) 
words  from  which  the  experimental  lists  were  drawn.  Adequate 
time  was  allowed  for  the  subject  to  read  the  list  and  become 
familiar  with  the  words  and  their  spellings.  Words  with 
alternative,  acceptable  spellings  and  words  with  similar  sounds, 
but  which  were  not  interchangeable  for  test  purposes  were 
pointed  out  by  the  experimenter,  who  then  read  the  entire  list 
aloud  to  familiarize  the  subject  with  the  sounds  of  the  words. 
The  procedure  for  data  collection  was  explained  and  questions 
asked  by  the  subjects  were  answered.  A  practice  session  during 
which  a  PB  list  was  presented  at  a  comfortable  listening  level 
via  a  loudspeaker  allowed  the  subject  to  become  familiar  with 
the  temporal  pacing  of  the  task  and  with  the  printed  form  upon 
which  the  responses  were  recorded.  Data  collection  began 
immediately  after  the  familiarization  session. 

The  subjects  were  seated  in  a  double-walled  Tracoustics* 
audiometric  testing  booth.  The  interior  dimensions  of  the  booth 
were  3.05  m  x  2.85  m  x  1.98  m.  The  subject  sat  facing  the  noise 
source,  an  Altec*  604  speaker  mounted  in  a  612C  enclosure.  The 
subject's  head  was  1.63  m  in  front  of  the  speaker. 

The  sound  field  for  the  noise  was  calibrated  by  positioning 
a  0.5-in  microphone  at  the  point  in  the  booth  to  be  occupied  by 
the  subject's  head.  The  graphical  readout  of  a  GenRad* 

Real-Time  spectrum  analyzer  connected  to  the  output  of  the 
microphone  amplifier  provided  feedback  to  adjust  a  one-third 
octave  band  filter  in  the  noise  circuit  to  shape  the  noise  field 
to  approximate  the  frequency  spectrum  produced  by  the  Bradley 
Fighting  Vehicle.  The  overall  level  of  the  noise  was  limited  to 
75  dBA  and  was  checked  daily  prior  to  data  collection. 


*  See  manufacturer's  list. 


A  Radioear  B-71  vibrator  mounted  in  a  standard  DH-132 
helmet  was  used  as  the  bone-conduction  transducer.  The 
vibrator  was  mounted  in  a  helmet  cushion  which  held  it  in 
contact  with  the  right  temporal  bone  in  an  area  above  and 
slightly  anterior  to  the  top  edge  of  the  helmet's 
circumaural  headphone  cushion.  This  placement  did  not 
compromise  the  acoustic  seal  of  the  headphone  cushion,  which 
attenuated  the  airborne  radiation  from  the  vibrator. 

The  helmet  mounting  ensured  the  vibrator  was  always 
properly  positioned  when  the  helmet  was  donned  by  the  subject. 
The  frequency  response  of  the  vibrator  was  measured  on  a  Bruel 
and  Kjaer*  Artificial  Mastoid  with  a  constant  550-gm  pressure 
and  is  shown  in  Figure  1.  The  frequency  response  could  not  be 
measured  under  the  actual  testing  conditions  and  may  have 
varied  from  subject  to  subject  due  to  individual  differences  in 
head  size  or  amount  of  hair  between  the  head  and  the  vibrator. 
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Figure  l.  Frequency  responses  of  DH-132  headphones  and 
B-71  vibrator.  Ordinate  is  in  sound  pressure 
level  for  a  constant  input  voltage  across  head¬ 
phones.  Bone  vibrator  response  is  normalized 
to  headphone  response  at  1000  Hz. 


5 


The  standard  helmet  headphones  were  used  as  the  air- 
conduction  transducers.  The  frequency  response  of  each  of  the 
headphones  was  measured  using  a  flat-plate  coupler  and  a  Bruel 
and  Kjaer  0.5-in  microphone.  These  responses  are  included  in 
Figure  1.  The  frequency  responses  of  the  two  headphones  were 
the  same  at  1000  Hz,  but  differed  from  one  another  in  the  low 
and  mid  frequencies.  The  output  of  the  vibrator  was  normalized 
to  that  of  the  headphones  at  1000  Hz,  to  facilitate  the 
comparison  of  the  two  types  of  transducer.  The  response  of  the 
bone  vibrator  is  quite  different  from  that  of  either  headphone. 

Each  subject  was  run  for  a  1-hour  experimental  session  per 
day.  Usually,  two  sessions  were  sufficient  to  complete  all  of 
the  conditions.  Immediately  prior  to  the  presentation  of  the  PB 
lists  for  each  experimental  condition,  a  speech  reception 
threshold  (SRT)  was  obtained.  This  provided  a  quick  estimate  of 
the  signal  levels  which  would  place  performance  on  the  PB  lists 
on  the  straight-line  portion  of  the  psychometric  function 
relating  signal  level  and  performance.  The  addition  of  six  dB 
to  the  SRT  placed  performance  at  approximately  30  percent 
correct  and  the  addition  of  15  dB  produced  approx imately^ 70 
percent  correct.  Sixteen  prerecorded  PB  lists  (Auditek)* 
consisting  of  four  forms  each  of  four  50-word  lists  were  used. 
Since  two  levels  were  used  for  each  of  the  six  conditions, 
a  subject  did  not  hear  any  given  form  more  than  once.  The 
order  in  which  the  forms  were  presented  was  counterbalanced 
across  subjects  and  experimental  conditions,  so  that  each  form 
followed  each  of  the  others  with  approximately  equal  frequency. 
In  addition,  the  order  in  which  the  experimental  conditions  were 
run  was  counterbalanced  across  subjects  to  compensate  for 
practice  effects. 

For  the  SRT  determination,  the  subject  responded  verbally 
using  a  hand-held  microphone  while  the  experimenter,  in  an  outer 
control  room,  adjusted  an  attenuator  to  produce  a  50  percent 
level  of  performance.  When  that  level  was  reached,  the  subject 
was  signaled  that  a  PB  list  would  follow.  The  responses  to  the 
PB  lists  were  made  on  a  printed  form.  Two  lists  were  presented, 
one  at  a  level  15  dB  greater  than  the  SRT  and  the  other,  at  a 
level  6  dB  greater.  A  short  break  was  given  during  which  the 
experimenter  scored  the  answer  sheets  and  instructed  the 
subject  as  to  the  nature  of  the  next  condition  to  be  run. 


Results 

Due  to  the  differences  in  the  frequency  responses  of 
the  two  types  of  signal-delivery  systems  used  in  this 
experiment,  their  output  levels  could  not  be  equated  in  any 
meaningful  physical  units  for  complex  signals  such  as 
speech.  Therefore,  all  levels  were  referred  to  those 
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which  produced  the  sane  performance  for  each  transducer  wher 
measured  in  the  quiet,  unoccluded  condition.  The  50  percent 
level  of  performance  obtained  from  the  psychometric  function  for 
that  condition  was  designated  as  zero  dB  for  both  transducers 
and  all  other  measurements  were  normalized  to  that  baseline. 

The  mean  psychometric  functions  for  all  subjects  are  shown 
in  Figure  2.  The  slopes  of  these  functions  range  from  3.7 
percent  per  dB  to  5.5  percent  per  dB  with  a  mean  of  4.5  percent 
per  dB.  These  are  somewhat  steeper  than  the  3. 5  percent  per  dB 
reported  in  the  classic  literature  for  PB  lists  (Davis,  1948) . 
The  steeper  slopes  found  in  the  present  experiment  probably 
result  from  the  brevity  of  the  training  period  given  the 
subjects.  Performance  on  PB  lists  may  not  reach  asymptotic 
levels  until  several  thousand  trials  of  practice  distributed 
over  several  days  have  elapsed  (Egan,  1948).  Subjects  who  are 
less  familiar  with  the  stimulus  materials,  such  as  those  in  the 
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Figure  2.  Psychometric  functions  for  intelligibility. 

All  functions  normalized  to  50  percent  score 
for  headphone,  no  plugs,  quiet  condition.  Data 
points  represent  means  for  all  subjects. 


7 


present  experiment,  tend  to  perform  relatively  less  well  at 
lower  signal-to-noise  ratios,  thus  producing  a  steeper 
psychometric  function.  While  some  practice  effects  across 
conditions  might  be  expected  in  the  present  experiment,  it  is 
felt  these  were  minimized  by  counterbalancing  the  order  in  which 
the  conditions  were  run  by  each  subject  and  by  averaging  across 
subjects. 

Table  1  shows  the  relative  number  of  decibels  required 
to  reach  the  50  percent  level  of  performance  for  each  of  the 
conditions.  These  values  were  obtained  from  the  mean 
psychometric  functions  for  all  subjects.  The  data  were 
normalized  to  the  conditions  without  the  noise,  so  that 
performance  is  best,  and  equal,  for  these  conditions.  Only  one 
dB  difference  is  seen  between  performance  with  the  two 
transducers  in  the  conditions  when  the  noise  was  present  and  no 
earplugs  were  worn.  This  indicates  the  masking  effect  of  the 
noise  on  speech  was  virtually  the  same  for  both  the  airborne  and 
the  bone-conducted  signals. 


Table  1. 

Relative  number  of  decibels  for  50  percent  intelligibility. 
Values  are  mean  for  all  subjects. 


Quiet 


Noise 


Canals  Canals  Canals 

open  open  occluded 


Air 

Bone 


0 

0 


24.5 

25.5 


44.4 

19.1 


The  two  conditions  of  greatest  interest  are  those  in  which 
the  two  types  of  signal-delivery  system  were  compared  in  the 
situation  common  in  a  military  vehicle,  that  is,  in  the  presence 
of  noise  while  the  listener  is  wearing  earplugs.  The  normal 
airborne  signal-delivery  system  used  in  this  situation  produced 
the  worst  intelligibility  for  any  condition  in  the  experiment. 
The  earplugs  offer  hearing  protection  in  this  condition  by 
attenuating  the  noise,  but  at  the  same  time  attenuate  the 
signal.  The  use  of  the  bone-conduction  system  with  the  earplugs 
allowed  the  same  amount  of  hearing  protection  and  noise 
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attenuation  without  any  attenuation  of  the  signal.  The 
improvement  over  the  conventional  system  was  25.3  dB. 

The  improvement  due  to  the  use  of  the  bone  vibrator  was  the 
result  of  both  the  occlusion  effect  and  an  improvement  in  the 
signal-to-noise  ratio.  The  separate  effects  of  these  two 
variables  could  not  be  assessed  in  the  present  study.  The 
contribution  of  the  occlusion  effect  could  not  be  assessed  in 
isolation  since  the  headphone  cushion  produces  some  amount  of 
occlusion  which  is  common  to  all  conditions.  In  addition ,  the 
effect  of  the  improved  occlusion  produced  by  the  earplugs  was 
confounded  by  the  amount  of  attenuation  of  the  masking  noise 
which  they  afford. 


Conclusions 

The  use  of  a  bone-conduction  signal-delivery  system  leads 
to  a  25.3-dB  improvement  in  performance  in  speech  intelligi¬ 
bility  over  the  conventional  air-delivery  system  now  in  use. 

This  improvement  is  due  both  to  an  improvement  in  signal-to- 
noise  ratio  and  to  the  occlusion  effect. 

Further  improvement  could  result  from  using  headphone 
cushions  which  would  allow  a  placement  of  the  bone  vibrator  in  a 
more  sensitive  location  such  as  the  mastoid  and  by  the  use  of  a 
bone  vibrator  with  an  improved  frequency  response. 
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B  and  K  Instruments ,  Inc . 
5111  West  164th  Street 
Cleveland,  OH  44142 

GenRad 

300  Baker  Avenue 
Concord,  MA  01742 

Radioear  Corporation 
375  Valley  Brook  Road 
Canonsburg,  PA  15317 

Tracoustics,  Inc. 

P.  O.  Box  3610 
Austin,  TX  78764 
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Initial  distribution 


Commander 

U.s .  Army  Natick  Research 
and  Development  Center 
ATTN:  Documents  Librarian 
Natick,  MA  01760 

Naval  submarine  Medical 
-  Research  Laboratory 
Medical  Library,  Naval  Sub  Base 
Box  900 

Groton,  CT  05340 

Commander/Director 
U.S.  Army  Combat  Surveillance 
&  Target  Acquisition  Lab 
ATTN:  DELCS-D 

Fort  Monmouth,  NJ  07703-5304 
Commander 

10th  Medical  Laboratory 
ATTN:  Audiologist 
APO  NEW  YORK  09180 

Commander 

Naval  Air  Development  Center 
Biophysics  Lab 
ATTN:  G.  Kydd 
Code  60B1 

Warminster,  PA  18974 

Naval  Air  Development  Center 
Technical  Information  Division 
Technical  Support  Detachment 
Warminster,  PA  18974 

Commanding  Officer 
Naval  Medical  Research 
and  Development  Command 
National  Naval  Medical  Center 
Bethesda ,  MD  20014 

Under  Secretary  of  Defense 

for  Research  and  Engineering 
ATTN:  Military  Assistant 

for  Medical  and  Life  Sciences 
Washington,  DC  20301 


Commander 

U.S.  Army  Research  Institute 
of  Environmental  Medicine 
Natick,  MA  01760 


U.S.  Army  Avionics  Research 
and  Development  Activity 
ATTN:  SAVAA-P-TP 
Fort  Monmouth,  NJ  07703-5401 


U.S.  Army  Research  and  Development 
Support  Activity 
Fort  Monmouth,  NJ  07703 


Chief,  Benet  Weapons  Laboratory 
LCWSL,  USA  ARRADCOM 
ATTN:  DRDAR-LCB-TL 
Watervliet  Arsenal,  NY  12189 

Commander 

Man-Machine  Integration  System 
Code  602 

Naval  Air  Development  Center 
Warminster,  PA  18974 


Commander 

Naval  Air  Development  Center 
ATTN:  Code  6021  (Mr.  Brindle) 
Warminster,  PA  18974 

Commanding  Officer 
Harry  G.  Armstrong  Aerospace 
Medical  Research  Laboratory 
Wright-Patterson 

Air  Force  Base,  OH  45433 

Director 

Army  Audiology  and  Speech  center 
Walter  Reed  Army  Medical  center 
Washington,  DC  20307-5001 
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COL  Carl  F.  Tyner,  MC 
Walter  Reed  Army  Institute 
of  Research 

Washington,  DC  20307-5100 


HQ  DA  (DASG-PSP-0) 

5109  Leesburg  Pike 

Falls  Church,  VA  22041-3258 


Naval  Research 

Laboratory  Library 
Code  1433 

Washington,  DC  20375 

Harry  Diamond  Laboratories 
ATTN:  Technical  Infor¬ 
mation  Branch 
2800  Powder  Mill  Road 
Adelphi,  MD  20783-1197 


U.S.  Army  Materiel  Systems 
Analysis  Agency 
ATTN:  Reports  Processing 
Aberdeen  proving  Ground 
MD  21005-5017 


U.S.  Army  Ordnance  Center 
and  School  Library 
Building  3071 
Aberdeen  Proving  Ground, 
MD  21005-5201 


U.S.  Army  Environmental  Hygiene 
Agency 

Building  E2100 
Aberdeen  Proving  Ground, 

MD  21010 


Technical  Library 
Chemical  Research 

and  Development  Center 
Aberdeen  Proving  Ground, 
MD  21010-5423 


Commander 

U.S.  Army  Institute 
of  Dental  Research 
Walter  Reed  Army  Medical  Center 
Washington,  DC  20307-5300 

Naval  Air  Systems  Command 
Technical  Air  Library  950D 
Rm  278,  Jefferson  Plaza  II 
Department  of  the  Navy 
Washington,  DC  20361 

Naval  Research  Laboratory  Library 
Shock  and  Vibration  Infor¬ 
mation  Center,  Code  5804 
Washington,  DC  20375 

Director 

U.S.  Army  Human  Engineer¬ 
ing  Laboratory 
ATTN:  Technical  Library 
Aberdeen  Proving  Ground, 

MD  21005-5001 

Commander 
U.S.  Army  Test 

and  Evaluation  Command 
ATTN:  AMSTE-AD-H 
Aberdeen  Proving  Ground, 

MD  21005-5055 

Director 

U.S.  Army  Ballistic 
Research  Laboratory 
ATTN:  DRXBR-OD-ST  Tech  Reports 
Aberdeen  Proving  Ground, 

MD  21005-5066 

Commander 

U.S.  Army  Medical  Research 

Institute  of  Chemical  Defense 
ATTN:  SGRD-UV-AO 
Aberdeen  Proving  Ground, 

MD  21010-5425 

Commander 

U.S.  Army  Medical  Research 
and  Development  Command 
ATTN:  SGRD-RMS  (Ms.  Madigan) 

Fort  Detrick,  Frederick, 

MD  21701 
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Commander 

U.S*  Army  Medical  Research 

Institute  of  Infectious  Diseases 
Fort  Detrick,  Frederick, 

MD  21701 


Director,  Biological 
Sciences  Division 
Office  of  Naval  Research 
600  North  Quincy  _Street 
Arlington,  VA  22217 

Commander 

U.S.  Army  Materiel  Command 
ATTN:  AMCDE-XS  (MAJ  Wolfe) 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Commandant 
U.S.  Army  Aviation 
Logistics  School 
ATTN:  ATSQ-TDN 
Fort  Eustis,  VA  23604 

U.S.  Army  Training 

and  Doctrine  Command 
ATTN:  ATCD-ZX 
Fort  Monroe,  VA  23651 

Structures  Laboratory  Library 
USARTL-AVSCOM 

NASA  Langley  Research  Center 
Mail  Stop  266 
Hampton,  VA  23665 

Naval  Aerospace  Medical 
Institute  Library 
Bldg  1953,  Code  102 
Pensacola,  FL  32508 

Command  Surgeon 
U.S.  Central  Command 
MacDill  Air  Force  Base 
FL  33608 


Air  University  Library 
(AUL/LSE) 

Maxwell  AFB,  AL  36112 


Commander 

U.S.  Army  Biomedical  Research 
and  Development  Laboratory 
ATTN:  SGRD-UBZ-I 

Fort  De trick,  Frederick, 

MD  21701 

Defense  Technical 
Information  Center 
Cameron  station 
Alexandria,  VA  22313 


U.S.  Army  Foreign  Science 
and  Technology  Center 
ATTN:  MTZ 
220  7th  Street,  NE 
Charlottesville,  VA  22901-5396 

Director, 

Applied  Technology  Laboratory 
USARTL-AVSCOM 

ATTN:  Library,  Building  401 
Fort  Eustis,  VA  23604 

U.S.  Army  Training 

and  Doctrine  Command 
ATTN:  Surgeon 
Fort  Monroe,  VA  23651-5000 

Aviation  Medicine  Clinic 

TMC  #22,  SAAF 

Fort  Bragg,  NC  28305 


U.S,  Air  Force  Armament 

Development  and  Test  Center 
Eglin  Air  Force  Base,  FL  32542 


U.S.  Army  Missile  Command 
Redstone  Scientific 
Information  Center 
ATTN:  Documents  Section 
Redstone  Arsenal,  AL  35898-5241 

U.S.  Army  Research  and  Technology 
Labortories  (AVSCOM) 

Propulsion  Laboratory  MS  302-2 
NASA  Lewis  Research  Center 
Cleveland,  OH  44135 
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AFAMRL/HEX 

Wright-Patterson  AFB,  OH  45433 


University  of  Michigan 
NASA  Center  of  Excellence 
in  Man-Systems  Research 
ATTN:  R.  G.  Snyder,  Director 
Ann  Arbor,  MI  48109 

John  A.  Dellinger, 

Southwest  Research  Institute 

P.  0.  Box  28510 

San  Antonio,  TX  78284 


Project  Officer 

Aviation  Life  Support  Equipment 
ATTN:  AMCPO-ALSE 
4300  Goodfellow  Blvd. 

St.  Louis,  MO  63120-1798 


Commander 

U.S.  Army  Aviation 
Systems  Command 
ATTN:  DRSAV-ED 
4300  Goodfellow  Blvd 
St.  Louis,  MO  63120 


Commanding  Officer 

Naval  Biodynamics  Laboratory 

P.O.  Box  24907 

New  Orleans,  LA  70189 


U.S.  Army  Field  Artillery  School 
ATTN :  Library 
Snow  Hall,  Room  14 
Fort  Sill,  OK  73503 


Commander 

U.S.  Army  Health  Services  Command 
ATTN:  HS0P-S0 

Fort  Sam  Houston,  TX  78234-6000 


U.S.  Air  Force  Institute 
of  Technology  (AFIT/LDEE) 
Building  640,  Area  B 
Wright-Patterson  AFB,  OH  45433 

Henry  l.  Taylor 

Director,  Institute  of  Aviation 
University  of  Illinois- 
Willard  Airport 
Savoy,  IL  61874 

Commander 

U.S.  Army  Aviation 
Systems  command 
ATTN:  DRSAV-WS 
4300  Goodfellow  Blvd 
St.  Louis,  MO  63120-1798 

Commander 

U.S.  Army  Aviation 
Systems  Command 
ATTN:  SGRD-UAX-AL  (MAJ  Lacy) 

4300  Goodfellow  Blvd. ,  Bldg  105 
St.  Louis,  MO  63120 

U.S.  Army  Aviation  Systems  Command] 
Library  and  Information 
Center  Branch 
ATTN:  DRSAV-DIL 

4300  Goodfellow  Blvd 
St.  Louis,  MO  63120 


Federal  Aviation  Administration 
Civil  Aeromedical  Institute 
CAMI  Library  AAC  6401 
P.O.  Box  25082 
Oklahoma  City,  OK  73125 

Commander 
U.S.  Army  Academy 
of  Health  Sciences 
ATTN :  Library 
Fort  Sam  Houston,  TX  78234 

Commander 

U.S.  Army  Institute 
of  Surgical  Research 
ATTN:  SGRD-USM  (Jan  Duke) 

Fort  Sam  Houston,  TX  78234-6200 
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Director  of  Professional  Services 
AFNSC/GSP 

Brooks  Air  Force  Base,  TX  78235 


U.S.  Array  Dugway  Proving  Ground 
Technical  Library 
3 Bldg  5330 
Dugway;  UT  84022 

U.S.  Army  Yuma  Proving  Ground 
Technical  Library 
Yuma,  AZ  85364 


AFFTC  Technical  Library 
6520  TESTG/ENXL 
Edwards  Air  Force  Base, 
CAL  93523-5000 


Commander 
Code  3431 

Naval  Weapons  Center 
China  Lake,  CA  93555 


Aeromechanics  Laboratory 
U.S.  Army  Research 
and  Technical  Labs 
Ames  Research  Center, 

M/S  215-1 

Moffett  Field,  CA  94035 

8ixth  U.S.  Army 
ATTN:  SMA 

Presidio  of  San  Francisco, 

CA  94129 

Commander 

U.S.  Army  Aeromedical  Center 
Fort  Rucker,  AL  36362 


Directorate 

of  Combat  Developments 
Bldg  507 

Fort  Rucker,  AL  36362 


U.S.  Air  Force  School 
of  Aerospace  Medicine 
Strughold  Aeromedical  Library 
Documents  section,  USAFSAM/TSK-4 
Brooks  Air  Force  Base,  TX  78235 

Dr.  Diane  Damos 
Department  of  Human  Factors 
ISSM,  USC 

Los  Angeles,  CA  90089-0021 

U.S.  Army  white  Sands 
Missile  Range 
Technical  Library  Division 
White  Sands  Missile  Range, 

NM  88002 

U.S.  Army  Aviation  Engineering 
Flight  Activity 
ATTN:  SAVTE-M  (Tech  Lib) 

Stop  217 

Edwards  Air  Force  Base, 

CA  93523-5000 

U.S.  Army  Combat  Developments 
Experimental  Center 
Technical  Information  center 
Bldg  2925 

Fort  Ord,  CA  93941-5000 
Commander 

Letterman  Army  Institute 
of  Research 

ATTN:  Medical  Research  Library 
Presidio  of  San  Francisco, 

CA  94129 

Director 

Naval  Biosciences  Laboratory 
Naval  Supply  Center,  Bldg  844 
Oakland,  CA  94625 

Commander 

U.S.  Army  Medical  Materiel 
Development  Activity 
Fort  Detrick,  Frederick, 

MD  21701-5009 

Directorate 

of  Training  Development 
Bldg  502 

Fort  Rucker,  AL  36362 
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Chief 

Army  Research  Institute 
Field  Unit 

Fort  Rucker,  AL  36362 
Commander 

U.S.  Army  Safety  Center 
Fort  Rucker,  AL  36362 


U.S.  Army  Aircraft  Development 
Test  Activity 
ATTN:  STEBG-MP-QA 

Cairns  AAF 

Fort  Rucker,  AL  36362 
Commander 

U.S.  Army  Medical  Research 
and  Development  Command 
ATTN:  SGRD-PLC  (COL  Sedge) 

Fort  Detrick,  Frederick 
MD  21701 


Chief 

Human  Engineering  Laboratory 
Field  Unit 

Fort  Rucker,  AL  36362 
Commander 

U.S.  Army  Aviation  Center 
and  Fort  Rucker 
ATTN:  ATZQ-T-ATL 
Fort  Rucker,  AL  36362 

President 

U.S.  Army  Aviation  Board 
Cairns  AAF 

Fort  Rucker,  AL  36362 


